QUESTIONS UNDER STUDY: After years of advocating ABC (Airway-Breathing-Circulation), current guidelines of cardiopulmonary resuscitation (CPR) recommend CAB (Circulation-Airway-Breathing). This trial compared ABC with CAB as initial approach to CPR from the arrival of rescuers until the completion of the first resuscitation cycle. METHODS: 108 teams, consisting of two physicians each, were randomized to receive a graphical display of either the ABC algorithm or the CAB algorithm. Subsequently teams had to treat a simulated cardiac arrest. Data analysis was performed using video recordings obtained during simulations. The primary endpoint was the time to completion of the first resuscitation cycle of 30 compressions and two ventilations. RESULTS: The time to execution of the first resuscitation measure was 32 ± 12 seconds in ABC teams and 25 ± 10 seconds in CAB teams (P = 0.002). 18/53 ABC teams (34%) and none of the 55 CAB teams (P = 0.006) applied more than the recommended two initial rescue breaths which caused a longer duration of the first cycle of 30 compressions and two ventilations in ABC teams (31 ± 13 vs.23 ± 6 sec; P = 0.001). Overall, the time to completion of the first resuscitation cycle was longer in ABC teams (63 ± 17 vs. 48 ± 10 sec; P <0.0001). CONCLUSIONS: This randomized controlled trial found CAB superior to ABC with an earlier start of CPR and a shorter time to completion of the first 30:2 resuscitation cycle. These findings endorse the change from ABC to CAB in international resuscitation guidelines.
Introduction
The acronym ABC stands for Airway-Breathing-Circulation while the acronym CAB stands for CirculationAirway-Breathing. ABC has been the recommended approach to victims of cardiac arrests for decades [1] [2] [3] [4] [5] . In 2005, the guidelines of the European Resuscitation Council recommended the initiation of chest compressions before ventilation (i.e. CAB) [6, 7] while the guidelines of the American Heart Association continued to recommend the ABC approach with two rescue breaths preceding cardiac massage [8] . In the current 2010 version, both European and American guidelines jointly recommend CAB [9, 10] . The rationale for changing from ABC to CAB was to emphasize the priority of chest compressions and minimise delays to their execution [6, 7, 10] . As time consuming manoeuvres to facilitate ventilation such as positioning of the head and achieving a tight seal of a bag mask apparatus can be carried out in parallel to cardiac massage, the delay in ventilation due to CAB was hypothesized to be minimal [10] . No published human or animal data demonstrate that choosing ABC or CAB has an impact on outcome. Moreover, there is only limited evidence that CAB actually has the intended effect of minimising the delay to chest compression at the cost of a minimal delay in ventilation [11] . The difference between ABC and CAB is limited to the very beginning of cardiopulmonary resuscitation (CPR) efforts. A clinical study assessing this phase would be extremely difficult to conduct as monitoring equipment should be functional or an observer present at the very onset of a cardiac arrest. As medical simulation allows the recording of data from both "patient" and first responders right from the start of an event [11, 12] , this technology is perfectly suited to investigate the very early phase of a cardiac arrest. Accordingly, the aim of the present randomized controlled trial was to compare ABC with CAB in simulated cardiac arrests.
Methods

Participants
The study was approved by the regional ethical committee and all participants gave written informed consent. Participants were general practitioners and hospital physicians from all over Switzerland participating in workshops at the simulator centre at the University Hospital of Basel.
Study design
This is a prospective randomized controlled single-blind study, the participants not being aware of the purpose of the study. The rationale for designing this study was the lack of controlled data comparing ABC and CAB for the initial phase of CPR advocated in international resuscitation guidelines published in 2005 [6, 8] . The study was conducted from 2007 to 2010. After the publication of the 2010 guidelines jointly advocating the CAB approach the investigators unanimously agreed that it would not be appropriate to draw our participants' attention to an algorithm no longer recommended and, therefore, decided to terminate the study. Participants from single workshops were randomly assigned to teams of two. Each team was completed by a registered nurse. The nurse played the role of a policeman called to the scene carrying emergency equipment including a bag mask apparatus and a defibrillator. Teams were randomly allocated (sealed envelopes) to receive one of two versions of a graphical instruction of the resuscitation algorithm ( fig. 1 and 2 (corresponding to the 2005 guidelines of the European Resuscitation Council [6] ). Instructions consisted of one single sided A4 size page and included: (1) a flowchart displaying the resuscitation algorithm in German language; and (2) graphical illustrations of the sequence of crucial steps (diagnosis, cardiac massage, ventilation, and defibrillation). Flowchart and illustrations were copied from the
Figure 2
Instruction of the CAB algorithm corresponding to the 2005 guidelines of the European Resuscitation Council [6] . The instruction includes illustrations from the electronic version of the 2005 guidelines of the American Heart Association [8] and the European Resuscitation Council [6] . Reprint with permission of the publishers.
Figure 3
Kaplan-Meier diagram displaying the probability of completing the first resuscitation cycle consisting of 30 compressions and 2 ventilations over time. Teams were randomized to apply either ABC or CAB as initial approach to CPR. Time 0 is defined as first touch of the patient by one of the rescuers. Curves differ significantly (logrank test).
electronic versions of the 2005 resuscitation guidelines. Except for the initial measure (two rescue breaths or immediate cardiac massage) advocated after the diagnosis of cardiac arrest, both versions of the instructions were identical.
Scenario
All participants received a 15 min standardised instruction of the patient simulator (Human Patient Simulator, METI, Sarasota, FL, USA). Features of this simulator include palpable pulses, spontaneous breathing with visible thoracic excursion, eyes with spontaneous lid movements and a speaker in the mannequin's head that broadcasts the voice of an operator to give the illusion that the "patient" can talk. Prior to the simulation the two participants allocated to form a team were led to a separate room and were briefed that: (1) their roles were that of physicians volunteering to cover a first aid post at a large sports event; (2) the room they had just entered was supposed to be the physicians' resting room of the first aid post; (3) in case of a medical emergency a policeman would arrive and lead them to the patient; (4) the policeman would carry emergency equipment and was trained in its use; and (5) they had now the possibility to refresh their knowledge on current algorithms of CPR. Participants then received the graphical instruction of their allocated algorithm and were asked to read it carefully. 10 minutes after the participants had received these instructions the policeman entered the room and led them to the patient. The patient (simulator) was a middle aged man, dressed as a sports fan, presenting with an out of hospital unwitnessed cardiac arrest due to ventricular fibrillation. The patient was pulseless, apnoeic, had his eyes closed and did not react to verbal commands or painful stimuli. Ventricular fibrillation could be diagnosed on the display of the defibrillator. Provided that a least one complete cycle of 30 compressions and two ventilations (primary outcome) had been performed, the patient converted to sinus rhythm and regained consciousness following the second defibrillation. After the simulation the participants were handed a questionnaire and asked to rate the algorithm previously received on a 10 point Likert scale with regard to: (1) the perceived helpfulness of the algorithm in handling the scenario experienced (0 = completely useless, 10 = extremely helpful); and (2) the perceived simplicity of following the algorithm in the scenario experienced (0 = extremely easy, 10 = extremely difficult).
Data analysis
Data analysis was performed using video recordings obtained during simulations by two independent observers (one nurse and one physician, both working in intensive care with regular exposition to CPR in real cases and teaching scenarios). Inter-observer differences in timing of events of ≤5 seconds were considered as agreement, and the shorter of the two readings was used for further analysis. Inter-observer differences in timing of events of >5 seconds were solved by jointly reviewing the video recordings. The first touch of the patient by one of the participants was defined to be the starting point for the timing of all events.
Statistics
The primary endpoint was the time to completion of the first resuscitation cycle of 30 compressions and two ventilations. We assumed that if ABC and CAB were started simultaneously and both carried out correctly, the time to completion of the first resuscitation cycle should be identical. Secondary endpoints were timings of other resuscitation events in the initial phase (check of airway and pulse, positioning of a face mask, first defibrillation) and the results of the post-simulation questionnaire. A difference of ≥10 seconds in the primary outcome was considered to be of clinical significance. In the absence of data relating patient outcomes with the timeliness of cardiac massage, this 10 second difference had to be arbitrarily chosen. We had two lines of reasoning: (1) if performed properly, a 30:2 cycle lasts approximately 20 seconds so that a 10 second difference represents a 50% difference; (2) in previous simulator-based studies we observed that those participants that followed the CPR algorithm exactly required approximately 50 seconds to diagnose the arrest, initiate CPR and complete the first 30:2 cycle. In this context a 10 second difference represents a 20% difference. A power analysis, based on data of a previous study [13] revealed that approximately 60 teams had to be studied in each group to detect this difference with significance levels of 0.05 and 90% power. Anticipating a 10% rate of technical difficulties or major protocol deviations we planned to include 66 teams in each group and anticipated a study period of four to five years. All data were analysed on an intention to treat basis. Data are means ± SD unless otherwise stated. Statistical analysis was performed using SPSS (version 19.0). Student's t-test, chi-square test, and logrank test were applied as appropriate. A P <0.05 was considered to represent statistical significance.
Results
Figure 4
Kaplan-Meier diagram displaying the probability of executing a first initial measure of CPR over time. Teams were randomized to apply either ABC or CAB as initial approach to CPR. Time 0 is defined as first touch of the patient by one of the rescuers. Curves differ significantly (log-rank test).
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included in the trial. Fifty four teams were randomized to ABC and 55 teams were randomized to CAB. All teams received the algorithm according to their randomization arm and no protocol violation occurred. Since video recording was erroneously started too late to capture the initial phase of the scenario in one team of the ABC group, this team was excluded from further analysis. Thus, 53 ABC teams and 55 CAB teams were analysed. Twenty one of the 53 ABC teams and 23 of the 55 CAB teams were composed of two general practitioners each while the remaining teams were composed of two hospital physicians each. All hospital physicians were working in internal medicine or in a sub-speciality of internal medicine. Gender distribution (36 women: 70 men vs. 36 women: 74 men) and age (39 ± 9 vs.41 ± 11 years) did not differ between the groups. Seven of the 53 teams allocated to the ABC algorithm started CPR with cardiac massage rather than rescue breaths: five of these seven teams took an active decision to start cardiac massage while experiencing technical problems with the bag mask apparatus; one team started with cardiac massage without apparent reason; in the remaining team a participant falsely announced that he had just performed the rescue breaths, which prompted his partner to start cardiac massage.
Figure 5
Box and whisker plot displaying the number of rescue breaths applied in the initial cycle consisting of 30 compressions and 2 ventilations. Teams were randomized to use either ABC or CAB as initial approach to CPR. Groups differ significantly (P = 0.006; chisquare test). * = one group; º = 3 groups.
Two of the 55 teams allocated to the CAB algorithm started CPR with rescue breaths rather than with cardiac massage, both doing so without apparent reason. An additional four CAB teams took an active decision to continue cardiac massage during the first cycle beyond the recommended 30 strokes until they had solved their technical problems with the bag mask apparatus. Primary endpoint ( fig. 3) : The time to completion of the first resuscitation cycle of 30 compressions and two ventilations was 63 ± 17 sec in the ABC group and 48 ± 10 sec in the CAB group (P <0.0001). Further analysis revealed that this difference was due to a combination of a later start and a longer duration of the first cycle in ABC teams (fig. 4,  table 1 ). Secondary endpoints: 18/53 ABC teams (34%) and none of the 55 CAB teams (P = 0.006) applied more than the recommended two initial rescue breaths ( fig. 5) . Accordingly, the time necessary to deliver the initial rescue breaths differed between the groups (6 ± 8 vs. 3 ± 2 sec; P = 0.03). As expected, this time did not differ between the 37 ABC teams delivering the recommended two rescue breaths exactly and the CAB teams (3 ± 1 vs. 3 ± 2 sec; P = 0.88). In all subsequent cycles, all teams consistently applied two breaths. Table 1 displays the timing of events while table 2 shows the adherence to algorithm in the further course of resuscitation. Though teams performed, as recommended, a median of five consecutive 30:2 cycles prior to the first defibrillation and between the first and second defibrillation respectively, there was a surprisingly high variance in the number of cycles performed (range 2-8, interquartile range 2) with no significant difference between the groups. While 49/53 ABC teams and 51/55 CAB teams consistently counted the massage strokes within a given cycle aloud, only 29/53 ABC teams and 32/55 CAB teams made any statement regarding the number of cycles already performed or still to be performed, and only 5/53 ABC teams and 6/55 CAB teams systematically counted the cycles aloud. The perceived helpfulness of the algorithm was rated with a median of 8 in both groups, with an interquartile range of 6-9 in the ABC group and 7-9 in the CAB group (P = 0.46). The perceived simplicity of following the algorithm was rated with a median of 3 (interquartile range 2-6) in the ABC group and with a median of 2.5 (interquartile range 1-5) in the CAB group (P = 0.13). Data (means ± SD) are time intervals between time 0, defined as first touch of the patient by one of the rescuers and the occurrence of the event specified.
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Discussion
The present study demonstrates that starting CPR using the CAB approach leads to a shorter time interval to complete the first 30:2 resuscitation cycle than using the ABC approach. This difference is due to a combined effect of a shorter initial delay to start resuscitation measures in the first place and a shorter duration of the 30:2 resuscitation cycle itself. After decades of advocating ABC, the 2010 resuscitation guidelines universally advocate CAB [9, 10, 14, 15] . Briefly, current guidelines recommend: 1) starting CPR with cardiac massage (CAB), 2) performing high-quality CPR (compression to ventilation ratio of 30:2, compression rate of at least 100/min, compression depth of at least 5cm, full chest recoil between compressions); 3) rapid defibrillation if indicated; and 4) two minute cycles of cardiac massage and ventilation between subsequent defibrillations [10] . The change from ABC to CAB was primarily based on the theoretical consideration that in non-asphyxial cardiac arrest ventilation is initially less important than chest compression, and that delays in, and interruptions of, chest compressions should be minimized [6, 7, 10] . These considerations were endorsed by observational data [16] [17] [18] [19] .
In addition, the accumulation of evidence that the outcome after CPR with chest compressions only is not worse than after conventional CPR may have contributed to the change [20, 21] . The key findings of the present study are in agreement with the results of a recent manikin-based study in the paediatric settings [11] and empirically confirm two major theoretical rationale for the change from ABC to CAB in resuscitation guidelines: 1) CAB leads to a shorter delay in chest compressions [10] ; and 2) CAB leads only to a minimal delay in ventilation, as time consuming manoeuvres necessary to allow ventilation to be performed can be carried out during on-going chest compressions [10] . Moreover, our findings highlight that bag mask ventilation is a technically demanding task that may prove to be difficult to perform correctly and in a timely fashion. If the ABC and CAB approach were to be carried out correctly, the time to completion of the first resuscitation cycle of 30 compressions and two ventilations should be identical. Our results demonstrate that this is not the case: the ABC approach is associated with a longer delay in initiating the first resuscitation measure. Moreover, starting CPR with ventilation apparently carries the risk of substantially more than the recommended two initial rescues breaths being applied, thereby further delaying chest compressions. Although the difference between ABC and CAB consists of a mere change in the initial sequence of two resuscitation measures, ABC is obviously more difficult to perform correctly and in timely fashion than CAB. To the best of our knowledge, this is the first study demonstrating that in designing an algorithm the sequencing of events may have a profound effect on the quality of execution. Thus, the design of future algorithms in the medical field should be guided by empirical research on how easily the algorithm can be followed by healthcare workers [22] . We observed a remarkable variance in the adherence to individual components of the CPR algorithm [23] . While almost all teams performed the recommended 30 chest compressions in each compression-ventilation cycle, less than half of the teams performed the recommended five compression-ventilation cycles between defibrillations. This appears to result from the fact that chest compressions within cycles were systematically counted aloud, whereas compression-ventilation cycles were only rarely counted. Keeping track of quantitative information poses a major problem for working memory, especially if the numbers change over time [24] ; it therefore requires additional support, for instance by counting aloud. In the case of resuscitation, the perspective needs to change back and forth between attending to a lower task level (compression within cycles) and to a higher level (cycles between defibrillations). Such a change of perspective is difficult, similar to the difficulties encountered when attending to individual actions as well as the wider team context [25, 26] . In the present case, a solution might involve having one team member count compressions, thus focusing on the lower level, while the other one counts cycles, thus focusing on the higher level. This observation therefore has implications for teaching medical algorithms, most notably in terms of attending to team coordination as a task in its own right [27] [28] [29] [30] .
No randomised trial has ever compared ABC and CAB with regard to hard patient outcomes. As the available evidence, including the present study, almost exclusively favours CAB [16] [17] [18] [19] , it appears highly unlikely that such a trial will be conducted in the near future. However, the comparison of registry-based patient data from the time, where ABC and CAB were simultaneously recommended might reveal differences, if any, in patient outcomes. The present study included Swiss physicians. Curricula of all Swiss medical schools encompass education in basic and advanced life support. Postgraduate training in CPR and exposition to cardiac arrests depend on speciality and institution chosen and may vary substantially. Training courses in resuscitation including the ACLS course (advanced cardiac life support) are available on a commercial basis. The successful completion of such courses is a prerequisite for the access to the final Swiss board exam in only a small minority of specialties Limitations of simulator-based studies include the absence of real patients. However, when performance markers such as hands-on time and technical quality of CPR are assessed, findings in simulator-based studies show a high agreement with findings in real cases [12, 27] . A particular strength of simulation is the possibility of recording objective data from both "patient" and participants right from the start of a cardiac arrest. Thus, simulation enabled us to investigate a topic that for a variety of medical, practical and ethical reasons is very difficult to investigate in situations involving real patients. Further strengths of the present study include the sample size and the identical conditions for all participants.
In conclusion, the present study demonstrates that the CAB approach is easier to perform correctly and in a timely fashion than the ABC approach. CAB is associated with a shorter delay in starting resuscitation and a shorter duration of the first resuscitation cycle of 30 compressions and two ventilations. These findings endorse the change from ABC to CAB in international resuscitation guidelines. 
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Figure 3
Kaplan-Meier diagram displaying the probability of completing the first resuscitation cycle consisting of 30 compressions and 2 ventilations over time. Teams were randomized to apply either ABC or CAB as initial approach to CPR. Time 0 is defined as first touch of the patient by one of the rescuers. Curves differ significantly (log-rank test).
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Figure 5
Box and whisker plot displaying the number of rescue breaths applied in the initial cycle consisting of 30 compressions and 2 ventilations. Teams were randomized to use either ABC or CAB as initial approach to CPR. Groups differ significantly (P = 0.006; chi-square test). * = one group; º = 3 groups.
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